INTRODUCTION
============

The United Kingdom Prospective Diabetes Study has suggested that early intensive glucose control may be associated with reductions in microvascular and macrovascular complications \[[@B1]\]. Glycated hemoglobin (HbA1c) is the standard measure of average glycemic control; therefore, normalizing the HbA1c level is important for preventing diabetic complications in patients with type 2 diabetes. However, several studies have reported that postprandial hyperglycemia or fluctuation in glucose levels is an independent risk factor for chronic complications of diabetes \[[@B2],[@B3]\]. Current diabetes care depends on measurements of HbA1c levels and self-monitored blood glucose (SMBG) levels to assess the quality of glycemic control and to adjust management. SMBG has been shown to be effective for improving glycemic control in patients with insulin treated type 2 diabetes mellitus \[[@B4]\]. However, the usefulness of SMBG in the management of patients with non-insulin treated type 2 diabetes mellitus is not convincing \[[@B5],[@B6]\]. This is, in part, due to limited SMBG measurements and a lack of education. A method for continuous glucose monitoring (CGM) has recently been developed with the aim of evaluating detailed daily glucose profiles. The continuous glucose monitoring system Gold (CGMS; Medtronic MiniMed, Northridge, CA, USA) provides retrospective glucose profiles that allow physicians to detect postprandial glucose excursions and hypoglycemia \[[@B7]\]. This information from CGMS is important for determining the appropriate treatment and for educating patients concerning food intake and lifestyle.

Several studies have reported that therapeutic adjustments based on CGM data are associated with improvement in HbA1c levels and reduction in hypoglycemia \[[@B8],[@B9]\]. However, other studies have shown that similar improvement in glycemic control is observed in patients performing SMBG \[[@B10],[@B11],[@B12]\]. The majority of these studies have been performed in patients with type 1 diabetes or in patients with insulin treated type 2 diabetes.

The American Diabetes Association recommends that CGM in conjunction with intensive insulin regimens is a useful tool in lowering HbA1c levels in selected adults (older than 25 years) with type 1 diabetes mellitus \[[@B13]\]; however, this recommendation is for real-time CGM devices \[[@B14]\], and there is no consensus regarding the use of CGM in patients with type 2 diabetes. CGMS provides the glucose profiles retrospectively. CGMS alone does not result in better metabolic control; however, CGMS provides clinicians and patients with detailed glucose profiles that allow for improved glycemic control. Improved glycemic control could therefore result from a change in the patient\'s diabetic regimen or from the patient\'s education.

A lack of data exists regarding the effectiveness of CGM for improving glucose control in patients with type 2 diabetes. Daily CGM could be useful for managing diabetic patients; however, long-term CGM is expensive and difficult to apply. Therefore, CGM is usually performed for 3 to 5 days. In Korea, CGM has so far been available for only a 3-day period in clinical settings.

In the present study, we report our experience using CGMS in a single diabetes clinic. We investigated whether adjusting the diabetic treatment regimens obtained from the CGMS information might lead to improved glycemic control in patients with type 2 diabetes compared to the control group.

METHODS
=======

Subjects, material, and methods
-------------------------------

We started using CGMS in our clinic for managing patients with type 2 diabetes mellitus in December 2008. At that time, our clinic was staffed by five endocrinologists and three certified diabetes educators. All of the patients who used CGMS underwent a one-on-one 90-minute training and evaluation session. Sensor placement was performed by one of our certified diabetes educators. During the CGMS use, the patients were instructed to obtain a minimum of three SMBG measurements per day and to record in a logbook the glucose values, meals, insulin doses, and symptoms of hypoglycemia.

The charts of all patients were reviewed by the same impartial physician. All of the patients used the CGMS for 3 days before returning to the hospital, where their CGMS glucose profiles were downloaded onto a personal computer. The patients\' CGMS glucose values were retrospectively reported in the range of 40 to 400 mg/dL. The glucose profiles were reviewed by an endocrinologist who adjusted the patients\' diabetic management regimens. A total of 172 patients were started on the CGMS between December 2008 and November 2009. The decision to use the CGMS was made by an endocrinologist. Of these patients, one patient had gestational diabetes, 45 patients had type 1 diabetes mellitus, and 101 patients had type 2 diabetes mellitus. Seventeen of these patients were excluded from the study because of a lack of HbA1c measurements before the CGMS period and at 3 months post-CGMS use. A total of 84 patients with type 2 diabetes were finally enrolled in the study. There were no significant differences in the clinical characteristics between the enrolled group and the excluded group of patients with type 2 diabetes during the CGMS period (data not shown).

We selected the insulin treated control group from the patients who visited our clinics over a 3-month starting in December 2008 (*n*=658), and we selected the non-insulin treated control group from the patients who visited our clinics over a 2-week period in December 2008 (*n*=842). Patients with cancer or severe illness and those with creatinine levels exceeding 2 mg/dL were excluded from the study, as were patients with no HbA1c data. During their regular outpatient clinic visits, the control patients were instructed by a doctor to modify their lifestyle or diabetic medications according to their HbA1c levels. Of the 1,500 patients screened, a total of 747 patients with type 2 diabetes were enrolled in the control group. There were significant differences in age, baseline HbA1c, and body mass index (BMI) between the CGMS and the control groups; thus, a propensity score matching analysis was performed. The final samples for the matched comparisons comprised 65 CGMS subjects and 301 control subjects.

The following types of recommendations were made based on the CGMS data and HbA1c levels for the CGMS group and HbA1c data for the control group: (1) no change in medications; (2) add or change the dose of the oral hypoglycemic agents (OHAs); (3) add insulin therapy to the OHAs in the non-insulin treated subgroup, and (1) no change in medications; (2) add or change the dose of the OHAs; and (3) change the insulin regimens (from basal to biphasic or basal and prandial insulin regimen or from biphasic to basal and prandial insulin regimen) in the insulin treated subgroup.

The HbA1c levels were measured 3 months before enrollment in the study, at the time of enrollment, and at 3 and 6 months postenrollment.

We obtained approval for this study design from the Ethical Committee of Samsung Medical Center at Sungkyunkwan University School of Medicine in Seoul, Korea.

Statistical analysis
--------------------

The data are presented as the mean±standard deviation (SD) or median values (25th percentile to 75th percentile).

A subgroup analysis was performed according to the type of treatment (noninsulin therapy vs. insulin therapy). The mean glucose, SD, continuous overall net glycemic action (CONGA), mean of daily differences (MODDs) \[[@B15]\], and percentage of the hypoglycemic event were calculated from the CGMS data. The CONGA, the MODD, and SD have been developed to evaluate glycemic variability using the CGM data \[[@B15]\]. The hypoglycemic events (levels less than 60 mg/dL) were measured as a percentage of the total events during the CGMS.

To reduce confounding effects and to adjust baseline differences between the two groups, a propensity score matching analysis was performed. Clinical significance guided the initial choice of covariates, which included age, sex, BMI, baseline HbA1c, duration of diabetes, and treatment modality. A comparison between the two groups was performed using the chi-squared or Fisher exact tests for categorical variables and the Mann-Whitney test for continuous variables. To evaluate the CGMS effect on the reduction in the HbA1c level from baseline to 3 and 6 months, we performed the repeated-measure analysis of variance after propensity score weights.

A statistical analysis was performed using PASW version 18.0 (IBM Co., Armonk, NY, USA). For all statistical analyses, a *P*\<0.05 (two-sided) was considered to be statistically significant.

RESULTS
=======

Baseline characteristics
------------------------

The overall baseline characteristics of the CGMS patients and the control patients are shown in [Table 1](#T1){ref-type="table"}. There were significant differences between the CGMS group and the control group in terms of age, glycemic control status (HbA1c), BMI, and treatment modality. However, the baseline characteristics, including age, baseline HbA1c, and BMI, were not significantly different between the CGMS patients and the control patients after propensity score adjustment ([Table 1](#T1){ref-type="table"}). With respect to treatment modality, there was no difference between the CGMS group and the control group regarding the use of sulfonylurea or metformin; however, the CGMS group more frequently used dipeptidyl peptidase 4 (DPP4) inhibitors and thiazolidinediones. There was no significant difference in insulin treatment modality between the CGMS group and the control group after propensity score adjustment ([Table 1](#T1){ref-type="table"}).

Clinical outcomes
-----------------

The CGMS results of 65 patients are shown in [Table 2](#T2){ref-type="table"}. The mean glucose value during CGMS was 157.7 mg/dL, and 24 patients (37%) experienced the hypoglycemia events during CGMS. Of these patients who experienced the hypoglycemic events, 15 patients (62.5%) were treated with OHAs and nine patients (37.5%) were treated with insulin therapy. Fourteen patients (93.3%) with OHAs changed the dose of OHAs after using CGMS (four patients reduced the dose of OHAs and 10 patients added the DPP4 inhibitors). Seven patients (77.7%) with insulin therapy changed the insulin regimen after using CGMS (from basal to biphasic or basal and prandial insulin regimen).

The CGMS group showed a significant improvement in HbA1c levels compared to the control group at 3 months (7.4%±1.2% vs. 7.9%±1.6%, *P*=0.001) and at 6 months (7.3%±1.1% vs. 7.7%±1.6%, *P*=0.010) after propensity score matching ([Fig. 1A](#F1){ref-type="fig"}).

There was no significant difference in baseline HbA1c levels between the non-insulin treated CGMS subgroup (*n*=45) and the non-insulin treated control subgroup (*n*=223) after propensity score matching (7.4%±1.0% vs. 7.1%±1.1%, *P*=0.660). There was a significant difference in the reduction of HbA1c levels between the CGMS and the control groups at 3 months (6.9%±0.9% vs. 7.4%±1.1%, *P*=0.006) after propensity score matching ([Fig. 1B](#F1){ref-type="fig"}). However, there was no difference between the CGMS and the control groups at 6 months (6.9%±0.8% vs. 7.1%±0.9%, *P*=0.153).

Additionally, there was no significant difference in baseline HbA1c levels between the insulin treated CGMS subgroup (*n*=20) and the insulin treated control subgroup (*n*=78) after propensity score matching (9.2%±1.5% vs. 8.6%±1.5%, *P*=0.744). The mean HbA1c level was not significantly improved in the insulin treated CGMS subgroup compared to the insulin treated control subgroup at 3 months (8.4%±1.2% vs. 8.3%±1.5%, *P*=0.768) and at 6 months (8.3%±1.2% vs. 8.3%±1.5%, *P*=0.388) after propensity score matching ([Fig. 1C](#F1){ref-type="fig"}).

[Tables 3](#T3){ref-type="table"} and [4](#T4){ref-type="table"} show the percentage of patients whose diabetic regimens were altered. In the insulin treated CGMS subgroup (*n*=20), five patients (25.0%) added or changed the dose of OHAs, eight patients (40%) received only education on insulin dose titration, and seven patients (35%) changed their insulin regimen (from basal to biphasic in one patient, from basal to basal and prandial in four patients, and from biphasic to basal and prandial in two patients).

In the insulin treated control subgroup, four patients (5.1%) added or changed the dose of OHAs, 66 patients (84.6%) did not change the treatment modality, and eight patients (10.3%) changed their insulin regimen (from basal to biphasic in five patients, from basal to basal and prandial in two patients, and from biphasic to basal and prandial in one patient). There were significant differences in the change of diabetic treatment regimens between the insulin treated CGMS and the insulin treatd control subgroups ([Table 3](#T3){ref-type="table"}). The insulin treated CGMS subgroup had made more changes to their insulin regimens and added or changed OHAs compared to the control group (*P*=0.001).

In the non-insulin treated CGMS subgroup, 35 patients (77.8%) added or changed the dose of OHAs, one patient (2.2%) added basal insulin, and nine patients (20%) did not change their treatment modality. In the non-insulin treated control subgroup, 85 patients (38.1%) added or changed the dose of OHAs, one patient (0.5%) added basal insulin, and 137 patients (61.4%) did not change their treatment modality. The non-insulin treated CGMS subgroup had added or changed the dose of OHAs more than the non-insulin treated control subgroup ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

The results of the present study showed that using CGMS in clinical practice benefits the patients with type 2 diabetes. The glucose data from the CGMS revealed distinct glucose profiles that physicians can use to optimize patient therapy, leading to lifestyle changes and improved diabetic treatment regimens. We monitored patients for 6 months after CGMS use to determine if these alterations had contributed to sustained improvements in glycemic control, as assessed by the patients\' HbA1c values. The patients\' HbA1c values were improved at 3 months post CGMS and were sustained at 6 months.

A recent study has shown that the additional information provided by the CGMS did not result in improved HbA1c levels compared to the standard control group in patients with insulin treated diabetes \[[@B16]\]. The authors indicated that their study group was heterogeneous and that their patients were receiving a variety of treatment regimens that may have limited the impact of CGMS on the patients\' glycemic control. Our study showed that CGMS did not result in improved HbA1c levels in patients with insulin treated diabetes. However, the patients with OHAs in the CGMS group showed improved glucose control. In our study group, the control group did not show a significant improvement in HbA1c levels at 3 months. The non-insulin treated CGMS subgroup showed significant improvements in mean HbA1c levels compared to the non-insulin treated control subgroup at 3 months. The reason for these different results may be explained in the following manner. The percentage of patients in the non-insulin treated control subgroup whose diabetic regimen was altered was different from that of the CGMS group. The non-insulin treated CGMS subgroup had more changes made to their noninsulin treatment regimen compared to the non-insulin treated control subgroup (*P*=0.001). After CGMS, the clinician could detect postprandial glucose excursions and hypoglycemia; thus, the clinician could educate patients or change their diabetic regimens. For example, many patients who experienced hypoglycemia while using the CGMS showed patterns of postprandial hyperglycemia and fasting hypoglycemia. In these patients, although we did not compare the detailed changes in the OHAs regimens between the CGMS and the control groups, the hypoglycemic group after CGMS changed their diabetic regimen with DDP4 inhibitors and reduced the dosage of OHAs. We believe that these factors led to the improvement of glycemic control. These factors imply that CGMS not only should provide education and motivate patients but also should be used as a tool for making therapeutic adjustments in clinical practice. Many studies have shown that inadequate glycemic control might reflect the delay or the absence of the initiation of intensification of antidiabetic treatment. In our study, physicians changed the diabetic regimen more frequently after CGMS. As previously stated, the CGMS is not in itself a treatment tool. An important factor for improving glycemic control after a 3-day use of CGMS may be the opportunity for clinicians to change treatment modality, to escape from clinical inertia, to provide education and to motivate the patients.

Previous randomized, controlled trials have compared the effects of CGMS with those of frequent capillary monitoring for improving metabolic control and have studied the effects of additional information obtained from the use of CGMS with SMBG on the improvement of metabolic control \[[@B17],[@B18]\]. In clinical practice, patients with type 2 diabetes practice SMBG less frequently than what is described as the recommended frequency \[[@B19]\]; in such cases, a CGMS is useful for educating and motivating for patients with type 2 diabetes in clinical practice.

One limitation in this study is that the data were collected retrospectively. First, the glucose control status was different from that of the control group. The insulin treated CGMS subgroup had poorer glycemic control than the insulin treated control subgroup. We reanalyzed the data after propensity score matching. After propensity score matching, there was a significant improvement in glucose control after CGMS. Second, there were no records regarding hypoglycemia, patients\' education, reasons for CGMS, and the reasons for no diabetic regimen changes or changes in the control group and in the CGMS group. Third, there was no detailed information concerning diabetic regimen changes; hence, the precise reasons for improved glucose control in the CGMS group are uncertain. However, this study was conducted to evaluate the effects of CGMS in clinical practice. An additional study with a larger prospective study sample is needed to clarify the effects of CGMS on metabolic control in patients with type 2 diabetes.

Our study showed that the 3-day application of CGMS is useful in improving glucose control in clinical practice. CGMS represents a useful tool for optimizing glycemic control in clinical practice and in patients with type 2 diabetes.

No potential conflict of interest relevant to this article was reported.
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###### 

Baseline characteristics of CGMS and control groups
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Values are presented as mean±standard deviation or number (%).

CGMS, continuous glucose monitoring system; HbA1c, glycated hemoglobin; OHA, oral hypoglycemic agent; SU, sulfonylurea; TZD, thiazolidinedione; AGI, α-glucosidase inhibitor; DPP4, dipeptidyl peptidase 4.

###### 

Results of CGMS in 65 patients

![](dmj-38-449-i002)

Values are presented as mean±standard deviation or median (25th percentile to 75th percentile). Hypoglycemia, \<60 mg/dL.

CGMS, continuous glucose monitoring system; SD, standard deviation; CONGA24, continuous overall net glycemic action 24 hours; MODD, mean of daily difference.

###### 

Recommended changes for diabetic treatment regimens between the insulintreated CGMS and the insulintreated control subgroups after propensity score matching
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Values are presented as number (%).

CGMS, continuous glucose monitoring system; OHA, oral hypoglycemic agent.

###### 

Recommended changes for diabetic treatment regimens between the non-insulin treated CGMS and the non-insulin treated control subgroups after propensity score matching
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Values are presented as number (%).

CGMS, continuous glucose monitoring system; OHA, oral hypoglycemic agent.
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